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Abstract— With the growing demand for outsourcing the 
ICT section of enterprises, Cloud Computing service 
providers increased their popularity. Selecting the most 
appropriate provider for a demanding enterprise depends on 
many criteria that are based on the strategies, requirements, 
and resources of the enterprise. Since this problem is a kind 
of decision problem and depends on criteria of decision-
maker, it can be modeled as Multi-criteria Decision Making 
(MCDM) problem. In this research, a pilot case study is 
conducted in which the Cloud Computing service provider 
selection problem is modeled as a MCDM problem. For 
selecting the most appropriate provider, Fuzzy Extend 
Analysis is implemented in the case study.   
Keywords- Cloud Computing, Multi-Criteria Decision 
Making (MCDM), Fuzzy Extend Analysis, Selection Problem 
I. INTRODUCTION 
In competitive business world, information and 
communication technology (ICT) departments have 
become one of the most critical components of an 
enterprise for its survival. It has become a focal point for 
every enterprise and therefore a sizeable budget is allocated 
for its establishment and enhancement [1]. Establishing 
and/or outsourcing required technologies are strategic 
decisions that must be taken based on enterprise’s 
strategies, needs and facilities [2]. Some organizations may 
prefer to establish the required technology by themselves, 
while other may prefer outsourcing. Since outsourcing 
decreases the cost of management and maintenance of new 
technology, it enhances the productivity and flexibility in 
work [3]. In last decades, Cloud Computing (CC) service 
provider companies have played a crucial role in 
supplement of required technology for demanding 
enterprises [1, 4]. 
CC services are categorized in three main models: 
Infrastructure as a Service (IaaS), Platform as a Service 
(PaaS), Software as a Service (SaaS). The basic services 
provided by CC are IaaS services which contain Network, 
Data Storage, and Security Services [5]. PaaS model 
includes the IaaS services and offers an Operating System, 
Database Management, and Business Analytics tools. In 
other words, PaaS contains all infrastructure services, 
additionally it includes some framework for development 
of cloud based applications [6]. The most complicated and 
advance service provided by CC is SaaS model. This 
category includes all PaaS services and hosting the 
applications [7]. 
By increase in the popularity of outsourcing the 
required technology using Cloud services, CC has become 
an attractive business sector and consequently, the number 
of CC service provider companies have been increased [2]. 
Therefore, technology demanding enterprises have to be 
careful about choosing the appropriate service provider 
which fulfills their needs [1]. Decision makers in such an 
enterprise must take conflicting criteria into consideration 
and choose the most suited service provider based on them. 
Because of the complexity of the problem, there are a lot of 
cases that CC service selection problem becomes 
intractable. Consequently, enterprises cannot determine the 
most appropriate provider and make the best decision 
conveniently. 
Multi-criteria Decision Making (MCDM) is a sub-
discipline of operations research which can handle the 
decision problems that include conflicting criteria. It 
contains methods and techniques which help decision 
maker to simplify and solve decision problem despite of the 
existence of conflicting criteria. These methods are 
categorized into two groups: Compensatory methods and 
Outranking methods. For detail see [8]. 
It seems that MCDM techniques are appropriate tools 
to tackle CC provider selection problem that is 
confounding because of the conflicting criteria. Modeling 
the problem as MCDM and using MCDM techniques 
convert the complex problem to a tractable and easy to 
solve one [9]. 
In the literature, there are articles which propose a 
general decision making framework for an enterprise 
which wants to choose the best service provider. Some of 
these general frameworks consider the enterprise’s 
feedback regarding the solution of the framework and 
adjust the solution afterwards [10, 11]. Beside general 
decision making frameworks, there are number of reviews 
[12, 13] on application of MCDM techniques for solving 
CC service provider selection problem. Among MCDM 
techniques, in Compensatory category, Analytical 
Hierarchy Process (AHP) [14] is the most popular method 
that has been implemented for the problem [4, 15]. After 
AHP, ELECTRE from Outranking methods is the most 
observed one in the literature. Additionally, there exist 
some publications that utilize more than one MCDM 
techniques (called hybrid version) [16, 17]. 
In the context of decision making problems, sometimes 
it is hard for decision makers to compare criteria and 
alternatives numerically. Instead of quantitative 
comparisons, it can be more appropriate to use qualitative 
ones. For this purpose, fuzzy set theory is initially proposed 
by Zadeh [18], and has been extensively utilized in decision 
making problems. This is the efficient way to tackle 
ambiguity and vagueness of human judgement [19] and for 
this reason researchers have attempted to apply fuzzy 
version of MCDM techniques in Cloud Computing 
decision problems recently [20, 21]. However, the number 
of articles which apply Fuzzy MCDM techniques in CC 
problems, especially CC service provider selection 
problem, is limited and requires more consideration. To fill 
this gap, in this study, Fuzzy AHP (FAHP) is implemented 
to solve a case of a CC service provider selection problem.  
In this study, Sabanci University is considered as a 
demanding enterprise for IaaS. There is an expert in 
Computer Science department who is aware of 
requirements, technological basis, and the budget of the 
university. The expert knows the criteria and providers, and 
he can perform a pairwise comparison. However, existence 
of conflicting criteria makes the problem more complex 
that the expert cannot come up with the best decision. 
Through hierarchical steps of AHP, the expert analyzes and 
lists the requirements, criteria, and budget of the university. 
Additionally, fuzzy version makes comparison steps of 
AHP more convenient for the decision maker. Therefore, 
modeling this problem as MCDM and using FAHP 
technique lead to make a better decision. The criteria used 
in this study are obtained from the expert and based on the 
university’s demands and strategies. FAHP algorithm, 
namely, Fuzzy Extent Analysis (FEA) is implemented in 
order to weight the criteria and rank the alternatives. 
The rest of the paper is as follows: in section II a brief 
review of the Fuzzy AHP is provided, section III discusses 
the research methodology and we provide main results of 
our study in section IV. In the final section conclusion and 
future research areas are discussed.  
I. RESEARCH BACKGROUND  
Over the past several years, AHP process has evolved 
with particular focus on the choice of scale to utilize in 
order to accurately elicit human judgments from phrases 
such as “Moderate Importance”, “Strong Importance” etc. 
Although the original scale proposed by Saaty [14] is still 
the most preferred scale, there are multiple disputes 
reported in the literature whether this scale can accurately 
transform human judgments into numbers. In order to 
address this issue, various scales have been proposed in the 
literature; however, the inherent uncertainty in the human 
judgments while providing comparison ratios is not 
sufficiently reflected in any of these proposed scales since 
they are all composed of crisp numbers. Disregarding this 
vagueness of the human behavior in the decision-making 
process could lead to wrong decisions [22] and thus fuzzy 
set theory [18] is extensively incorporated in the domain of 
AHP with a particular focus on accurately representing 
human judgments and perceptions along with the natural 
vagueness and uncertainty.  
In this research, we utilize the fuzzy extension of AHP 
(FAHP) in which human judgments are elicited in the form 
of fuzzy numbers. The core of any FAHP model like 
traditional AHP is to accurately calculate weights from the 
comparison matrices which are composed of fuzzy 
numbers.  Due to the intricacies associated with the fuzzy 
arithmetic, calculating weights from fuzzy comparison 
matrices is not straightforward and has been the focus of 
research over the past many years with various FAHP 
models proposed to calculate weights. Review of the 
existing literature shows that Logarithmic Least Square 
Method (LLSM) [23], Fuzzy Extent Analysis (FEA) [2, 24]  
and Buckley`s Geometric Mean method [25, 26] are among 
the most popular algorithms utilized by the researchers 
[25]. Fuzzy Extent Analysis is one of the most frequently 
used model by researchers in their decision-making 
problem. Therefore, in this study, we utilize the concept of 
Fuzzy Extent Analysis (FEA) [27] in order to implement 
Fuzzy AHP to elicit weights for each criterion. Pairwise 
comparisons provided by the experts are recorded in the 
form of fuzzy numbers and hence pairwise comparison 
matrices are composed of fuzzy numbers. FEA processes 
these fuzzy comparison matrices and extracts crisp weights 
from each matrix. This approach is further explained as 
follows:  
Provided, X = {x1, x2,…, xn} is an object set and G = 
{g1, g2, …, gn} is a goal set, then for each object, extent 
analysis for each goal gi is conducted to calculate value of 
fuzzy synthetic extent with respect to the ith object. The 
same is mathematically illustrated as follows: 
 
                 𝑆𝑖 = ∑ 𝑀𝑔𝑖
𝑗𝑚
𝑗=1 ⊗ [∑ ∑ 𝑀𝑔𝑖
𝑗𝑚
𝑗=1
𝑛
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Note that when the comparison matrix is composed of 
crisp numbers, above operations on the comparison matrix 
would yield the desired weight vector. However, as 
matrices are composed of fuzzy numbers, the result of these 
operations would be a fuzzy triangular weight and in the 
decision-making process, while choosing the best 
alternative, we need to determine a crisp weight from these 
fuzzy triangular weights. 
Various different approaches can be considered in order 
to convert fuzzy triangular weights into crisp weights. A 
naive approach would be just using the means or centroids 
of the triangular fuzzy number. However, extra care should 
be taken in the ordering of fuzzy number due to its unique 
structure. In FEA approach, this ordering is conducted 
through the concept of comparison of fuzzy numbers i.e. 
for each fuzzy number (fuzzy weight), a pairwise 
comparison with the other fuzzy numbers (fuzzy weights) 
is conducted and the degree of possibility of being greater 
is obtained as follows: (the same is illustrated in Figure I.) 
 
𝑉(𝑀2 ≥ 𝑀1) = ℎ𝑔𝑡(𝑀1 ∩ 𝑀2) = 𝜇𝑀2(𝑑) = 
      {
     1,                                        𝑖𝑓 𝑚2 ≥ 𝑚1 
0,                                       𝑖𝑓 𝑙1 ≥ 𝑢2
𝑙1−𝑢2
(𝑚2−𝑢2)−(𝑚1−𝑙1)
, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.
          (3) 
 
Minimum of these possibilities are considered as the 
overall score for each criterion i i.e. degree of possibility 
for a convex fuzzy number to be greater than k convex 
fuzzy numbers is given by: 
 
𝑉(𝑀 ≥ 𝑀1, 𝑀2, … , 𝑀𝑘) = 𝑉[(𝑀 ≥ 𝑀1)  𝑎𝑛𝑑  
  (𝑀 ≥ 𝑀2), … , (𝑀 ≥ 𝑀𝑘)]  (4) 
= 𝑚𝑖𝑛𝑉 (𝑀 ≥ 𝑀𝑖), 𝑖 = 1, 2, … , 𝑘 
 
In the final step, these scores are normalized and the 
corresponding normalized scores are used as the weight 
vector of the criteria.  
II. METHODOLOGY 
CC service provider selection problem can be 
considered as a multi-criteria decision making problem, 
thus MCDM techniques can be used for this purpose. 
Among these techniques, Fuzzy Analytical Hierarchy 
Process (FAHP) is considered as one of the most 
appropriate technique for the CC service provider selection 
problem. Since, the underlying hierarchical structure of 
FAHP models the problem properly and makes it more 
tractable. Additionally, fuzzy scales provide a better 
representation of the vagueness in the human judgment 
based on comparisons of the criteria and the alternatives for 
service demanding enterprises.  
In the literature, CC service provider selection problem 
usually handled independent from the service category and 
generic models are presented. However, certain criteria are 
peculiar to a particular service category so such a 
generalization is misleading. In this paper, the focus is on 
IaaS service provider selection problem and obtained 
criteria are particular to this category. FAHP algorithm is 
implemented in order to choose the best provider for the 
enterprise. This approach involves multiple consecutive 
steps, namely, criteria selection, weighting the criteria, 
determination of the CC service provider alternatives, and 
finally, overall scoring of the providers. 
 
A. Criteria selection 
To implement an MCDM techniques in a service 
provider selection problem, one of the things that should be 
done is determining the criteria that will be used in the 
analysis. Even though the significance of each criteria for 
different decision makers might be different and depend 
mostly to the strategy and the requirements of the 
enterprise, the criteria themselves mostly overlap among 
the applications. However, different service models have 
different criteria. Therefore, for cloud computing service 
provider selection problem, a service model based list of 
criteria should be identified before the implementation. 
There are so many criteria that have been defined and  
 
 
  
Figure I Degree of possibility 
considered in the literature.  The subjective criteria are 
obtained from the expert which are based on university’s 
requirements and cross checked by the similar studies to 
confirm the validity [11, 28, 29].   As a result, for the IaaS 
provider selection case study the following six criteria are 
used: 
 
● Acquisition and transaction cost 
● Availability 
● Storage capacity 
● CPU 
● Performance 
● Security 
B. Weighting criteria 
In this study, criteria weighting is done by using fuzzy 
scales. To this end, a questionnaire that compatible with 
fuzzy scales have to be prepared and given to the related 
expert for pairwise comparison of the criteria. The 
linguistic scales used in questionnaire and their 
corresponding fuzzy scales are presented in Table I. After 
getting the comparison data from the expert, numerical 
matrices are prepared. Finally, by using numerical 
matrices, a weight for each criterion is calculated using 
FEA. 
C. Specification of CC service providers 
In this step, the CC service provider alternatives are 
determined. The CC service providers are chosen among 
the well-known companies and the list is finalized after 
consulting the expert. As a result, five service providers 
have been selected, namely, Amazon AWS, Windows 
Azure, Google Compute Engine, Rackspace Open Cloud 
and IBM SmartCloud Enterprise. Various specifications of 
these alternatives in terms of the criteria are determined 
from the open sources and provided to the expert before the 
comparison stage.  
D. Scoring CC service providers  
For achieving FAHP score of every specified provider, 
it is needed to compare the companies in pairs in terms of 
each criterion. To this end, a questionnaire is prepared to 
be filled by the expert in the demanding enterprise. The 
questionnaire must be prepared to be compatible with 
FAHP implementation on the selection problem so that the 
comparison scales will be consistent with the FAHP scales. 
Linguistic scales and their corresponding triangular fuzzy 
scale used in this work have been selected as shown in 
Table I. 
After obtaining comparison data from the expert, 
linguistic scales are converted into numerical scales based 
on Table I, so that numerical comparison matrix is 
prepared. Next, FEA [24] is implemented for score 
calculation. The calculations are done in MATLAB. For 
IaaS provider selection problem, matrices are created with 
six criteria for five companies. The achieved results from 
the implementation are discussed in the following section. 
III. RESULTS AND DISCUSSION 
In this study, we considered five CC service provider 
alternatives for IaaS provider selection problem, namely 
Amazon, Windows, Google, Rackspace and IBM. These 
alternatives were analyzed based on six criteria namely 
acquisition and transaction cost, availability, storage 
capacity, CPU, performance, and security. Pairwise 
comparisons were sought from a field expert in order to 
compare all available criteria as well as alternatives 
depending on each criterion. Based on these comparisons, 
fuzzy comparison matrices were constructed and a FAHP 
algorithm namely Fuzzy Extent Analysis [24] was utilized 
to elicit weights from fuzzy comparison matrices for each 
criterion as well as alternative. These results are 
demonstrated in Table II and III. 
Note that one of the criticisms of Fuzzy Extent Analysis 
is based on the fact that in certain instances, due to structure 
of fuzzy number comparison, it can provide zero as a 
weight elicited from the matrices. We observe the same 
phenomenon while comparing all criteria where 
“acquisition and transaction cost” was given a zero weight. 
However, this does not change the overall rank of the 
alternatives. The outcomes of FEA method illustrates that 
security is the most important criteria for our case study and 
Amazon is the most appropriate CC service provider for the 
university with respect to its requirements. Note that the 
results might differ for other enterprises, since 
Table I Linguistic scales and corresponding Triangular fuzzy scales [11] 
Linguistic scale Triangular fuzzy scale 
Just equal (1, 1, 1) 
Equally important (1/2, 1, 3/2) 
Weakly more important (1, 3/2, 2) 
Strongly more important (3/2, 2, 5/2) 
Very strongly more important (2, 5/2, 3) 
Absolutely more important (5/2,3, 7/2) 
 
Table II Weight calculation for each criterion using Chang's method  
Criteria Criteria weights 
Acquisition and 
transaction cost 
0.000 
Availability 0.104 
Storage Capacity 0.050 
CPU 0.271 
Performance 0.214 
Security 0.361 
 
Table III Scores obtained for each alternative using Chang's method 
Alternative Weights 
Amazon 0.385 
Windows 0.218 
Google 0.216 
Rackspace 0.131 
IBM 0.050 
pairwise comparisons of criteria and alternatives are 
enterprise-dependent. 
IV. CONCLUSION 
With increasing demand of enterprises for outsourcing 
their ICT section along with the growth of popularity of 
Cloud Computing services, some tools are required for 
matching demands with suppliers. To this end, in this 
study, CC service provider selection problem have been 
modeled as MCDM problem. Then, Fuzzy AHP technique 
has been implemented via FEA method. Ultimately, the 
most suitable supplier has been specified for the inspected 
enterprise. 
Since the selection problem can be modeled as 
demanding-supplier problem, for further studies, other 
appropriate tools can be implemented for solving it. 
Additionally, according to the rapid increase in CC service 
demands, development of professional software is required 
in order to undertake the selection problem based on 
specific criteria. 
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